Cleaning the Air:
Comparing the Cost Effectiveness of
Diesel Retrofitsvs. Current CMAQ Projects

An Analysis Prepared for the Emission Control Technology Association

by Robert F. Wescott, Ph.D.
Economic Consultant
Washington, DC

May 11, 2005



Robert F. Wescott, Ph.D. isaWashington, DC-based economic consultant with 25
years of professional experience working on macroeconomic and industry/public
policy issues. Dr. Wescott served as Special Assistant to the President for Economic
Policy at the White House and as Chief Economist at the President’ s Council of
Economic Advisers. From 1982-93 he was Chief Economist at Wharton
Econometrics (WEFA Group), the private economic analysis firm, where he oversaw
all economic modeling, forecasting, and consulting operations. Dr. Wescott also was
an official in the Research Department of the International Monetary Fund where he
did research on global economic risks and policy challenges. In 1990 he was research
director at the International Center for the Study of East Asian Development in
Kitakyushu, Japan. He holds a Ph.D. in Economics from the University of
Pennsylvania, 1983.




Cleaning the Air:
Comparing the Cost Effectiveness of
Diesel Retrofitsvs. Current CMAQ Projects

Executive Summary

A key goal of U.S. air pollution programs, including the Congestion Mitigation
and Air Quality (CMAQ) program created in 1990, has been to clean the air in
citiesto improve public health and lower medical costs. But whilethe CMAQ
program has emphasized reductions of carbon monoxide, hydrocarbons, and
ozone, recent research finds that the top air pollution problem in urban areas today
is fine particulate matter, which is particles with a diameter of 2.5 micrometers or
less (PM 2.5)-

This pollutant, PM, s is a primary airborne threat to human health today costing
more than $100,000 per ton in health costs. Researchers estimate that PM ;5 is
two to twenty times as harmful to human health as nitrous oxide, more than one
hundred times as dangerous as ozone, and 2000 times as dangerous as carbon
monoxide on a per ton basis.

Diesel engine exhaust is a source of PM, s emissions in urban areas.
Approximately one third of these diesel emissions are due to on-road vehicles and
about two thirds are due to off-road equipment, such as construction equipment.

Diesdl retrofit technology is currently available that is highly effective at reducing
PM,s emissions. Diesel oxidation catalysts (DOCs) are well suited for retrofitting
older off-road vehicles and diesel particulate filters (DPFs) are highly efficient at
reducing these pollutants where new low sulfur diesel fuels are available, asis
already the case in most urban areas.

From the point of view of cost effectiveness, diesel retrofits are superior to almost
all current CMAQ strategies, including ride-share programs, van-pool
arrangements, HOV lanes, traffic signalization, bike paths, and all strategies that
attempt to modify behavior (like encouraging telecommuting.) Most of these
CMAQ strategies cost $20,000 to $100,000 per ton equivalent of pollutant
removed, and some cost as much as $250,000 per ton removed.

Under conservative assumptions, diesel retrofits cost only $5,340 per ton
equivalent of pollutant removed, In fact, among all CMAQ strategies, only
emission ingpection programs appear to exceed the cost effectiveness of diesel
retrofits.

Expanding the range of CMAQ projects to include diesel retrofits for construction
equipment and off-road machinery in urban areas could be a highly effective way
to spend public monies. More than 100 million Americans live in areas of the
country where PM 5 levels exceed the EPA’ s guidelines.



Background

Cleaning the air to improve human health and lower medical costs has been an objective
of U.S. government policy since at least the Clean Air Act of 1970. Concerns about poor
air quality, especialy in urban areas, led to the creation of the Congestion Mitigation and
Air Quality (CMAQ) Program in 1990, which has set aside a portion of transportation
monies for the past 15 years to fund innovative projects to reduce carbon monoxide,
hydrocarbons, nitrous oxides, and smog in so-called non-attainment areas.* Vehicle
emission inspection programs, high-occupancy vehicle (HOV) travel lanes, van pool
programs, park-and-ride lots, and bike paths are examples of CMAQ projects.

There has been significant progress in the past 35 years in reducing carbon monoxide and
hydrocarbon emissions and smog. Scientists, however, have been able to identify new
airborne health risks whose costs are now becoming more fully appreciated. Notably,
particulate matter (PM) has been found to have especialy pernicious health effectsin
urban areas. Increasingly it is becoming understood that diesel engine emissionsin urban
areas, both from on-road trucks and buses and from off-road construction and other
equipment, are a significant source of fine particul ate matter pollution. Thisleadsto a
number of questions:

e What isthe current assessment of the top health risks from air pollution from
mobile sources in urban areas?

e What istherole of emissions from diesel engines?

e How doesdiesdl retrofit technology to clean engine emissions after combustion
compare with current CMAQ projects in terms of cost effectiveness?

e Are CMAQ funds currently being deployed in the most cost effective manner
possible?

This paper examines these questions by reviewing the recent scientific, environmental,
economic, and health policy literature.

The Health Costs of Air Pollution

In the 1960s and 1970s the key health risks from air pollution were deemed to come from
carbon monoxide, hydrocarbons (or volatile organic compounds, VOCs), nitrous oxides
(NOy), and smog, and early clean air legislation naturally targeted these pollutants.
During the past ten years or so, however, researchers have identified new pollutants from
mobile sources that have particularly harmful health effects, especially in urban areas.
Top concern today centers around particulate matter, and especialy on fine particul ate

! The EPA hasformal criteria for the definition of non-attainment areas, but generally these are the large
U.S. cities.
2 Catalytic convertersinstalled on all cars since the mid 1970s, for example, have targeted these pollutants.



matter. Fine particulates, with a diameter of less than 2.5 micrometers (PM, ), can get
trapped in the lungs and can cause avariety of respiratory ailments similar to those
caused by coal dust in coa miners. A significant portion of PM, s emissionsin urban
areas come from off-road diesel equipment. According to analysis by the California Air
Resources Board, on-road engines account for about 27% of PM emissionsin California
and off-road equipment is responsible for about 66% of PM emissions.®

Analysis by Donald McCubbin and Mark Delucchi published in the Journal of Transport
Economics and Policy evaluates the health costs of a kilogram of various air pollutants,
including CO, NOy, PMs, sulfur oxides (SO,), and VOCs.* These researchers estimate
health costs from such factors as, hospitalization, chronic illness, asthma attacks, and loss
work days for the U.S. asawhole, for urban areas, and for the Los Angelesbasin.  For
urban areas, they find the range of health costs per kilogram of CO was from $0.01 to
$0.10, NOy was from $1.59 to $23.34, PM, 5 was from $14.81 to $225.36, SO was from
$9.62 to $90.94, and VOCs was from $0.13 to $1.45. Taking the mid-points of these
estimates, a kilogram of PM 5 therefore was nearly 10 times more costly from a health
point of view than a kilogram of NOy, more than 150 times more costly than a kilogram
of VOCs, and more than 2000 times more costly than a kilogram of CO. On a per ton
basis, aton of PM 5 causes $109,000 of health costs, aton of NOy costs $11,332, aton of
VOCs costs $718, and aton of CO costs $50 (Chart 1).

Chart 1
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3 Risk Reduction Plan to Reduce Particulate Matter Emissions from Diesel-Fueled Engines and Vehicles,
Cdlifornia EPA Air Resources Board, October 2000, p. 1.

* McCubbin, Donald and Mark Delucchi (1999), The Health Costs of Motor-Vehicle-Related Air Pollution,
Journal of Transport Economics and Policy, September, Vol. 33, Part 3, pp. 253-86.



Effectiveness of Diesel Retrofit Filters

Given the high health costs of PM3 s, significant effort has gone into the development of
technological solutionsto deal with the problem. The best technologies involve the use of
post-combustion filters with a catalyzing agent, which together trap and break down
dangerous pollutants before they are emitted into the air. All new diesel trucks will be
required to use these technologies by 2007 according to U.S. EPA rules, and off-road
equipment will have to use these technologies by 2010. (Rules require 95% reductionsin
emissions of several pollutants, aswell asa97% cut in the sulfur levelsin diesel fuel.)®
However, given that the lifespan of adiesel engine can be 20-30 years, it will take
decades to completely turn over America s diesel fleet. Therefore, by lowering emissions
from older diesels, retrofits are an effective path to cleaner air over the next few decades.

Diesdl retrofit filters are highly effective at their chief function: preventing dangerous
pollutants from ever entering the air. Diesel oxidation catalysts (DOCs), at $1,000 to
$1,200 per retrofit, reduce PM by about 30% and can work with current higher sulfur
diesel fuels. Thisyields alarge benefit when installed on older, higher-polluting vehicles.
In addition to their PM reducing capabilities, these filters also can cut the emission of
carbon monoxide and volatile hydrocarbons by more than 70%.

Diesdl particulate filters (DPFs), which generally cost $4,000-$7,000 per engine, are far
more efficient. They are specifically targeted at keeping more dangerous PM out of the
air than are DOC:s. In fact, they can reduce PM 5 pollution from each vehicle by more
than 90%, yielding an enormous cut in emissions over the life of the diesel engine, even
when installed on newer, cleaner diesel vehicles. An additional requirement of DPFs,
however, isthat the vehicle must run on newer very low sulfur fuels. High sulfur fuel
leads to sulfate emissions from the filter due to the very active catalysts needed to make
the filters function properly. Thus, DPFs are most effective as a solution for vehiclesin
urban areas—such as construction equipment and urban fleets—where very low sulfur
fuels are already available.’

These technologies are not new or experimental; they are aready in use around the
world. There are 2 million of these two technologies aready at work in heavy-duty
diesel vehicles worldwide. Further, there are 36 million DOCs and 2 million DPFsin use
on passenger vehicles in Europe alone, where these technologies are currently being used,
reaping cost-effective health benefits over the long term.

The CMAQ Program

The CMAQ program is the only federally funded transportation program chiefly aimed at
reducing air pollution.” Its historical purpose has been twofold: to reduce traffic

°“EPA Dramatically Reduces Pollution from Heavy-Duty Trucks and Buses, Cuts Sulfur Levelsin Diesel
Fuel,” Environmental News, EPA, 12/21/00

®Very low sulfur diesel fuel will be available nationwide by 2006.

" Transportation Research Board of the National Research Council: The Congestion Mitigation and Air
Quality Improvement Program: Assessing 10 Years of Experience (2002) p.1.



congestion and to fund programs that clean up the air Americans breath. Within its air
quality mission, it is designed primarily to help non-attainment areas (mainly polluted
urban zones) reach attainment for air quality standards under the Clean Air Act.?
Historically many CMAQ projects have tried to change travel and traffic behavior in
order to achieve its goals. These transportation control measures (TCMs) have been
designed both to reduce traffic congestion as well asimprove air quality. An exampleisa
bicycle path. Designed to reduce the number of drivers on the road, bike paths could, in
theory, achieve both goals. Further examples are vanpools, ridesharing and park and ride
programs, and HOV lanes:. all current CMAQ projects. Other projects have addressed
emission reductions directly, as for example, through funding for state automobile
emission inspection programs.

Asacondition for reauthorizing the CMAQ program in 1998, the U.S. Congress required
that a detailed 10-year assessment of the program be conducted. This review was
performed by the Transportation Research Board of the National Research Council and
was completed in 2002. Thisreview found that CMAQ has been less than successful in
reducing congestion and suggested that the most beneficial way for CMAQ to use its
funds s to focus on air quality.’ It also found that TCMs were less cost effective than
measures to directly reduce emissions, such as through inspection programs.

Furthermore, the study suggested that CMAQ’ s focus within the domain of air quality is
misplaced. CMAQ programs have targeted the gases considered the most dangerous
pollutants for many years, like hydrocarbons, carbon monoxide, and nitrous oxides.

While these gases pose recognized health and environmental risks, recent work has
shown that the dangers of these substances pale in comparison to the danger of fine
particulate matter.'® In the words of the study, “Much remains to be done to reduce diesel
emissions, especially particulates, and this could well become a more important focus
areafor the CMAQ program.”*! Further, discussing the fact that diesel-related CMAQ
programs could be the most cost-effective, the study states, “ had data been available on
particulate reductions... the ranking of strategies focused on particulate emissions...
would likely have shown more promising cost-effectiveness results.” *2

Comparing the Cost Effectiveness of Diesel Retrofitswith Other CMAQ Projects

Given that PM, 5 emissions from diesel engines are a leading health concern, that
effective technology exists today to clean the emissions of off-road diesel equipment used
extensively in the middle of American cities (non-attainment areas), and that the CMAQ
10-year review highlights the possible use of CMAQ funds for diesel retrofit projects, it
islogical to compare the cost effectiveness of these diesdl retrofits with current CMAQ
projects. The CMAQ Program: Assessing 10 Years Experience (2002) estimates the
median cost per ton of pollutant removed for 19 different CMAQ strategies and these

8ibid, p.1
%ibid, p.13
ibid, p.13
Yibid, p.74
2ibid, p.131



estimates provide the comparison base. Published estimates for diesel retrofits are
compared with these estimates.

As afirst step in comparing the cost effectiveness of pollution reduction strategies, it
must be noted that the CMAQ cost effectiveness estimates are presented as “ cost per ton
equivalent removed from air,” with weights of 1 for VOCs, 4 for NOy, but 0 for PM,5.*2
Relying upon the McCubbin and Delucchi health cost estimates, however, even weighted
NO should be considered more damaging than VOCs. That is, even though 0.25 ton (the
1:4 ratio above) of NO, removed counts as the CMAQ equivalent of one ton of pollution
removed, it has a higher health cost than aton of VOCs ($11,332 / 4 = $2,883 for NOy
vs. $718 for VOCs). Asasecond step, conservatively assume that all CMAQ projects
remove the more damaging pollutant (NOx). This still means that aton of PM, s reduction
would be worth at least 9.45 tons of regular CMAQ reductions ($109,000 for PM 5 /
$11,332 for NOy).

Diesdl retrofits are estimated to cost $50,460 per ton of PM, s removed by the California
Air Resources Board (CARB).™ This estimate is very conservative and substantially
higher than that cited by industry sources. Using the CARB cost estimate, diesel retrofits
cost $5,340 per ton equivalent of air pollution removed ($50,460 / 9.45), based upon the
CMAQ definition of ton equivalent and on the conservative assumption that CMAQ
projects remove the most damaging pollutant reviewed. If aless conservative and more
realistic assumption is used — that CMAQ projects remove a mix of NOy and VOCs —
then the cost-effectiveness of diesel retrofits becomes substantially more favorable, and
could be as low as $332 per ton of CMAQ pollutant removed.

This analysis means that diesel retrofits for construction equipment are highly cost
effective when compared with current CMAQ strategies. Asshown in Table 1 and Chart
2, some CMAQ strategies cost more than $250,000 per ton of pollutant removed
(teleworking), and many are in the $20,000 to $100,000 per ton range (traffic
signalization, park and ride lots, bike paths, new vehicles, etc.). The only current CMAQ
project category that exceeds the cost effectiveness of diesel retrofitsis emission
inspection programs.

Other studies also conclude that diesel retrofits are highly cost effective compared with
current CMAQ projects. The Diesel Technology Forum compared the benefits and costs
of CMAQ projects with diesel retrofits for transit buses (for NOy pollution reduction) and
concluded that retrofits are a better use for CMAQ funds than any other typical CMAQ
project, with the exception of inspection and maintenance programs and speed limit
enforcement.™ Also, the California EPA’s Air Resources Board has estimated that diesel

13 mportantly, the study’s PM, s weight of O does not reflect PM, 5’ s health costs, but rather that fact that
standards have not yet been set for it by the U.S. EPA. Asthe CMAQ 10-year review says, “PM,s is
generally regarded as the pollutant with the most pernicious health consegquences, though to date standards
have not been promulgated for its regulation for both measurement and economic reasons.” (p. 295).

4 California Air Resources Board, “ Staff Analysis of PM Emission Reductions and Cost-Effectiveness,”
Sept. 6, 2002.

5 “The Benefits of Diesel Retrofits,” Diesel Technology Forum. See
http://dieselforum.org/retrofit/why_ben.html.



retrofits have a benefit of between $10 and $20 for each $1 of cost.’® And the U.S. EPA,

initsjustification for new on-road diesel rulesin 2007 and off-road rulesin 2010

estimates the benefits for diesel particulate filters at roughly $24 for each $1 of cost.'’

Table 1. Cost-Effectiveness of Current CMAQ Strategies

And Diesd Retrofits

(Median cost per ton equivalent of air pollution removed)

Median Cost Rank
| nspection and Maintenance $1,900 1
DIESEL RETROFITS $5,340 2
Regiona Rideshares $7,400 3
Charges and Fees $10,300 4
Van Pool Programs $10,500 5
Misc. Travel Demand Management $12,500 6
Conventional Fuel Bus Replacement $16,100 7
Alternative Fuedl Vehicles $17,800 8
Traffic Signalization $20,100 9
Employer Trip Reduction $22,700 10
Conventional Service Upgrades $24,600 11
Park and Ride Lots $43,000 12
Modal Subsidies and Vouchers $46,600 13
New Transit Capital Systems/Vehicles $66,400 14
Bike/Pedestrian $84,100 15
Shuttles/Feeders/Paratransit $87,500 16
Freeway Management $102,400 17
Alternative Fuel Buses $126,400 18
HOV Facilities $176,200 19
Telework $251,800 20

Source: All costs from The CMAQ Improvement Program: Assessing 10 Years of
Experience, (2002), except diesel retrofit costs, which are from author’ s calculations.

16 « perspectives on California s Diesel Retrofit Program,” California EPA, Air Resources Board,

presentation by C. Witherspoon, June 3, 2004.

7 See, for example, “2007 Heavy-Duty Highway Final Rule,” U.S. EPA, May 2000, which can be found at

http://www.epa.gov/otag/diesel .htm.




Chart 2: Median Cost per Ton Equivalent of Air Pollution
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Conclusions

The top air pollution problem in U.S. urban areas today is almost certainly PM5 5, which
is estimated to cost more than $100,000 per ton in health costs. A major source of PM; 5
emissionsin urban areasis diesel engine exhaust. Approximately one third of these
diesel emissions are due to on-road vehicles and about two thirds are due to off-road
equipment. Off-road equipment in urban areasis a particular problem, because it gives
off exhaust at ground level ,frequently near large groups of people.

Diesdl retrofit technology is currently available that is highly effective at reducing PM 5
emissions. DOCs are well suited for retrofitting older off-road vehicles and DPFs are
highly efficient at reducing these pollutants where new low sulfur diesel fuels are
available, asis already the case in most urban areas.

From a cost effectiveness point of view, diesel retrofits are superior to almost all current
CMAQ strategies, including ride-share programs, van-pool arrangements, HOV lanes,
traffic signalization, bike paths, and all strategies that attempt to modify behavior (like
encouraging teleworking.) Only emission inspection programs exceed the cost
effectiveness of diesdl retrofits based upon conservative assumptions. Expanding the
range of CMAQ projects to include diesel retrofits for construction equipment and off-
road machinery in urban areas could be a highly effective way to spend public monies.
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